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Abstract
A monthly sampling survey has been undertaken in the main agricultural 
and industrial channels derived from the Lower Segre River system (Eastern 
Ebro Basin, NE Spain) during 2009 and 2010. The monthly evolution of the 
chemical water quality has been monitored in 11 benchmark spots of the 
Canals d’Urgell, Auxiliar d’Urgell, Balaguer, Gerb, Hostal Nou, Cup, Aragó i 
Catalunya, and Serós channels. At the Canals d’Urgell system, the 2nd, 3rd and 
4th derivations as well as the final stretch have been controlled. 
The goal of the survey is to assess physical, chemical and biological water 
properties with the objective of diagnosing its water quality status accor-
ding to the Water Framework Directive (2000/60/CE) and to point out ac-
tions to improve this channel system.
The water quality characterisation is done in terms of determining electrical 
conductivity (EC at 25ºC), pH, temperature, and the ionic (HCO3-, CO3
2-, SO4
2-, 
Cl-, NO3
-, F-, PO4
3-, Ca2+, Mg2+, Na+, K+, Fe3+, Zn2+, Cu2+, Mn2+, B3+, P3+, NH4
+) as 
well as the main potential pollutants (organochlorides, organophosphates, 
and triazines) budgets according to the monthly ion concentrations sampled 
and the discharged water volumes. 
Results show that water quality of the industrial channels (Balaguer and 
Seròs) is satisfactory, meeting water quality standards for industrial use, en-
vironmental requirements and even drinking water use. 
Among the channels used for irrigation, the three derivations or sub chan-
nels of the Canals d’Urgell show high temporal concentrations of phospha-
te, nitrate, fluoride, ammonium and pesticides, as well as a high temporal 
variability of these substances. The channels of Cup and d’Aragó i Catalunya 
show high undesired concentrations of ions at some points in the year. The 
channels of Canals Auxiliar d’Urgell, Gerb, and Hostal Nou show very high 
water quality all through the monitored period.
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Introduction and objectives
The goal of the survey is to assess physical, chemical and biological water 
properties with the objective of diagnosing its water quality status accor-
ding to the Water Framework Directive (2000/60/CE) and to point out ac-
tions to improve this channel system.
Materials and methods
A monthly sampling survey has been undertaken in the main agricultural 
and industrial channels derived from the Lower Segre River system (Eastern 
Ebro Basin, NE Spain) from February 2009 to July 2010. The monthly evo-
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lution of the chemical water quality has been monitored in 11 benchmark 
spots of the Canals d’Urgell, Auxiliar d’Urgell, Balaguer, Gerb, Hostal Nou, 
Cup, Aragó i Catalunya, Serós channels. At the Canals d’Urgell system, the 
2nd, 3rd and 4th derivations as well as the final stretch have been controlled.
The water quality characterisation is done in terms of determining electrical 
conductivity (EC at 25ºC), pH, temperature, and the ionic (HCO3-, CO3
2-, SO4
2-
, Cl-, NO3
-, F-, PO4
3-, Ca2+, Mg2+, Na+, K+, Fe3+, Zn2+, Cu2+, Mn2+, B3+, P3+, NH4
+) 
as well as the main potential contaminants (organochlorides, organophos-
phates, and triazines) budgets according to the monthly ion concentrations 
sampled and discharges measured (using a Doppler effect flow-meter or ob-
taining the data from the corresponding water authorities) at the mouth of 
each of the tributaries existing in the considered fluvial reach. 
Water samples have been analysed at the Laboratori d’Anàlisis i Fertilitat 
(Sidamon, Lleida, Spain).
For the assessment of the sampled water quality, the most restrictive crite-
ria and thresholds of the following norms have been used: 
- Council Directive 75/440/EEC of 16 June 1975 concerning the quality re-
quired of surface water intended for the abstraction of drinking water in the 
Member States,
- The Spanish Reial Decret Legislatiu 1/2001, of 20th July, approving the blen-
ded text of the Water Law –Ley de aguas- [BOE núm. 176, de 24-07-2001]. 
Annex 1 Table of upper limits for ion concentration and other parameters.
- Directive 2000/60/EC of the European Parliament and of the Council of 
23rd October 2000 establishing a framework for Community action in the 
field of water policy. Physico-chemical indicators thresholds affecting the 
biological indicators of a water body, that have been used by the Confedera-
ción Hidrográfica del Ebro (Ebro river watershed authority; CHE) in writing 
the new hydrological plans of the Segre, Cinca, Noguera Pallaresa and No-
guera Ribagorçana watersheds.
Results and discussion
No relevant temperature divergences (between the measured temperature 
and the monthly average one) have been observed at the sampled points 
during the sampling period.
The highest detected electrical conductivity (EC at 25ºC) was found in the 
2nd derivation of the Canals d’Urgell (Sèquia 2a del canal d’Urgell) and the 
3rd derivation of the Canals d’Urgell (Sèquia 3a del Canal d’Urgell) followed 
by the Return (Retorn) of the canal d’Urgell at Montoliu. 
The period when EC was the highest at all the points was spring. The period 
with the highest singular values was winter and the start of spring.
According to Directive 75/440/CEE the pH values of the surface waters for 
drinking water production (type A1) must be between 6.5 and 8.5. This ran-
ge coincides with the Spanish Ley de aguas. pH values varied very little: all 
measurements where between 7.5 and 8.5, with rare exceptions. Therefore 
waters are slightly basic.
Hydrogen carbonates are a dominant component of continental waters and 
therefore they are present at all sampling points. Moreover, they show a 
seasonal regularity. In the Segre River they are regularly found to be be-
tween 150 and 200 mg L– . However, during the sampling period there have 
been some higher inputs that never exceeded 600 mg/L, coming from Sè-
quia 2a del Canal d’Urgell (600 mg L–l in February 2009), Sèquia 3a del Canal 
d’Urgell and Retorn del Canal d’Urgell a Montoliu.
There is no limitation to hydrogenocarbonate concentration in water nei-
ther in the European nor in the Spanish legislation.
Carbonates are present only in basic waters from pH values of 8.3 on. They 
are found only as part of the total soluble carbonates (carbonates and hy-
drogenocarbonates). Temporally, carbonates are frequent in April, October, 
November and December 2009, and in January 2010. In particular, the hi-
ghest concentrations were found in Sèquia 3a del Canal d’Urgell and Retorn 
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del Canal d’Urgell a Montoliu.
There is no limitation to carbonate concentration in water neither in the 
European nor in the Spanish legislation.
Sulphate is present due to the soluble evaporitic rocks, such as gypsum, pre-
sent in the area, especially around Balaguer and in all the Urgell. 
The highest concentrations are found in Sèquia 2a del Canal d’Urgell, Sèquia 
3ª del Canal d’Urgell (300 to 700 mg L–l), and Retorn del Canal d’Urgell a 
Montoliu.
The accepted threshold concentration in drinking water is 150 mg L–l in the 
European legislation and 250 mg L–l in the Spanish one.
Chlorides come from washing saline soils in the watershed or due to out-
crops of chlorinated rocks, which, all in all, are not very important in the 
Segre watershed. 
Chlorides do not vary seasonally, or very little compared with the hy-
drodynamic changes due to less mineralized flows (rainy seasons). Analyzed 
chlorides are under 100 mg L–l. The highest concentrations were found at 
the Retorn del canal d’Urgell a Montoliu. Chloride concentration in drinking 
water is limited to 200 mg L–l, therefore, most of the waters are below this 
threshold and are not a problem throughout the year.
The Directive 75/440/CEE recommends that the maximum nitrate concen-
tration in water be 25 mg/l, and it limits it to 50 mg L–l for drinking water. 
The limits are the same in the Spanish Ley de aguas. The Confederación 
Hidrográfica del Ebro (CHE) considers that in good quality rivers and water 
bodies the average yearly concentration should not reach 10 mg L–l. 
About half of the samples exceed the 10 mg/l throughout the sampling. The 
highest concentration was found in Sèquies 2a i 3a del Canal d’Urgell rea-
ching 60 mg L–l several times. 
The highest concentration period in the 2a Sèquia was from December 2009 
to February 2010, while in the 3a Sèquia del Canal d’Urgell the worse period 
was from May 2009 to July 2009 and again from December 2009 to February 
2010. 
Preliminary results based on Confederación Hidrográfica del Ebro (CHE) wa-
ter quality database (since 1980) show that nitrate concentration increases 
through time (related to animal farming increase) and downstream the Se-
gre river. The nowadays concentrations (10 to 20 mg NO3
- L-1) are assessed as 
moderate according to Spanish water legislation (RD 261/1996)
The Spanish Ley de aguas sets fluoride concentration limit for good quality 
drinking water at 1.5 mg/l. Directive 75/440/CEE recommends, in the most 
limiting case, not to reach 0.7 mg L–l.
In 90 % of the samples, the fluoride concentration was below 0.4 mg L–l (and 
even non detectable) and very seldom reached 1.35 mg L–l at the Retorn del 
canal d’Urgell a Montoliu. In February 2010 a noticeable maximum occurs in 
the Sèquia 3a del Canal d’Urgell with 1.7 mg L–l. In March 2010 a concentra-
tion of 1 mg L–l was found in the Sèquia 2a del Canal d’Urgell. 
Phosphate concentration is irregular in time and space. Directive 75/440/
CEE recommends that the maximum phosphate concentration be 0.4 mg 
P2O5 L
–l, the same as the Spanish Ley de aguas. The CHE considers that in 
good quality rivers and water bodies the average yearly concentration 
should not reach 0.15 mg PO4
3- L–l. Between 0.15 and 0.30 mg PO4
3- L–l waters 
would be qualified as of moderate quality, and from 0.3 mg PO4 
3- L–l on the 
qualification is of bad quality. About 50 % of the samples are above 0.15 mg 
L–l. There does not seem to be a temporal distribution pattern, though the 
highest values were found at the end of autumn and in winter.
The phosphate in the Sèquies 2a i 3a del canal d’Urgell an in the Retorn 
del canal d’Urgell a Montoliu comes from small settlements without wa-
ter treatment facilities for phosphate. Phosphate concentrations sharply 
decreased from 1990, due to the implementation of Directive 91/271/CEE, 
though further phosphorous depletion at the existing wastewater treatment 
plants would still improve the situation. In conclusion, water quality at the 
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mouth of the Segre River is nowadays bad for aquatic biology development 
(according to the CHE thresholds) and improvement is necessary.
The European and Spanish norms don’t limit calcium concentration in drin-
king water, though its presence is not desirable because of water hardness 
and its effects on pipes (the same happens with magnesium, sodium and 
potassium).
Calcium concentration in the Sèquies 2a i 3a del canal d’Urgell is between 
150 and 200 mg L–l. 
Magnesium concentration in the Sèquies 2a i 3a del canal d’Urgell is 
between 50 and 80 mg L–l. 
Sodium concentration in the Sèquies 2a i 3a del canal d’Urgell, and the Re-
torn del canal d’Urgell a Montoliu is between 100 and 210 mg L–l. 
Potassium concentration in about 50 % of the samples does not reach 2 
mg L–l, an seldom exceeds 5 mg L–l. The highest concentrations were found 
in the Sèquia 2a del canal d’Urgell where in February 2009 up to 18 mg L–l 
were measured. In the Retorn del canal d’Urgell a Montoliu, concen-
trations between 10 and 15 mg L–l were found. Potassium comes from the 
wastewater treatment plants (WWTP) that reach the Sèquies 2a i 3a del 
canal d’Urgell. 
According to Directive 75/440/CEE, it is recommended that iron concentra-
tion in drinking water type A1 do not exceed 0.1 mg L–l and that it never 
exceed 0.3 mg L–l. In the Spanish Ley de aguas the threshold is 0.3 mg Fe3+ 
L–l. Sampled iron concentrations are between 0.01 and 0.02 mg Fe3+ L–l. The 
highest sampled value at the Retorn del canal d’Urgell a Montoliu was 0.26 
mg L–l in September 2009. At the mouth of the Canal d’Aragó i Catalunya 
0.12 mg L–l were found in June 2009.
According to Directive 75/440/CEE the recommended zinc concentration in 
drinking water type A1 must not exceed 0.5 mg L–l. In the Spanish Ley de 
aguas the limitation is 3 mg Zn2+ L–l. No Zinc was found in the samples taken. 
According to Directive 75/440/CEE, the recommended copper concentra-
tions for drinking water type A1 should not exceed 0.02 mg L–l. In the Spa-
nish Ley de aguas the limitation is 0.05 mg Cu2+ L–l. No copper above 0.02 mg 
L–l has been found. 
According to Directive 75/440/CEE and the Spanish Ley de aguas, the re-
commended manganese concentrations for drinking water type A1 should 
not exceed 0.05 mg L–l. No manganese above 0.05 mg L–l has been found.
According to Directive 75/440/CEE, the recommended boron concentration 
for drinking water type A1 should not exceed 1 mg L–l. No boron above 0.1 
mg L–l has been found.
The European and Spanish norms don’t limit the concentration of the ele-
ment phosphorous in drinking water. However, the most important concen-
trations of phosphorous come from:
Sèquia 2a del canal d’Urgell with maximum 1,200 μg L–l
Retorn del canal d’Urgell a Montoliu with concentrations between 900 and 
2,000 μg L–l, and a maximum of 2,200 μg L–l in June 2009.
At the Retorn del canal d’Urgell a Montoliu ammonium concentrations ran-
ged from 1 to 17 mg L–l. The highest ones were found at the end of autumn 
and winter; a dilution occurs in spring. The Sèquia 2a del canal d’Urgell also 
brought some ammonium to the Segre river. At Gerb 25 mg L–l ammonium 
were found in January 2010. Ammonium concentrations decrease through 
time and, nowadays, are equal to those in the reference sampling points 
due to depuration in the wastewater treatment plants, which are, however, 
assessed as moderate to bad for aquatic biology development (according to 
the proposal of the CHE).
The concentration of total pesticides that reach the Segre river come from 
the Sèquia 2a del Canal d’Urgell (0.1 μg L–l to 16 μg L–l), and the Sèquia 3a del 
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Canal d’Urgell (0.1 μg L–l to 5.5 μg L–l). The highest concentrations are found 
at the end of spring (16 μg L–l in April 2009) and at the beginning of summer. 
In winter, concentrations are lower.
Conclusions
Water quality of the industrial channels (Balaguer and Seròs) is satisfactory, 
meeting water quality standards for industrial use, environmental require-
ments and even drinking water use. 
Among the channels used for irrigation, the three derivations or sub chan-
nels of the Canals d’Urgell show high temporal concentrations of phospha-
te, nitrate, fluoride, ammonium and pesticides, as well as a high temporal 
variability of these substances. The channels of Cup i d’Aragó i Catalunya 
show high undesired concentrations of ions at some points in the year. The 
channels of Canals Auxiliar d’Urgell, Gerb, and Hostal Nou show very high 
water quality all through the monitored period.
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